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ABSTRACT
The importance of (n − n′)-mixing processes in H∗(n) + H(1s) collisions in AGN BLR
clouds has been investigated. Compared to the electron-atom collision processes these
processes must have influence on the populations of hydrogen highly excited atoms
in moderately ionized layers of dense parts of the BLR clouds. From the results it
follows that the investigated (n − n′)-mixing processes are of interest for the research
and modelling of such medium. The obtained results could be also useful for modeling
of different stellar atmospheres, as well as for the investigation of Rydberg states of
hydrogen and for the study of their influence during the cosmological recombination
epoch.
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1 INTRODUCTION
It has been shown in the paper of Mihajlov et al. (2005a)
that excitation/de-excitation processes in H∗(n) +H(1s) col-
lisions, for the principal quantum number n ≥ 4, have
significant influence in comparison with the corresponding
electron-atom collision processes on the populations of hy-
drogen Rydberg atoms in weakly ionized layers of the Solar
photosphere and the lower chromosphere. It was concluded
that (n − n′)-mixing processes have to be included in mod-
elling and investigation of solar plasma, especially in the re-
gion of the temperature minimum in the solar photosphere.
In AGN, especially in the region of the moderately ionized
layers of dense parts of the BLR clouds (Negrete et al. 2012;
Ilic´ et al. 2017; Bon et al. 2018) (NeT ∼ 1014cm−3K) plasma
conditions are closer to stellar atmospheres than to pho-
toionized nebulae (Osterbrock 1989). We note that in spite
of the fact that illuminated surface of the BLR clouds is
highly ionized, they are sufficiently large that temperature
may decrease to the much lower temperatures (for example
around 2000 K, see Fig. 2 in Crosas, & Weisheit (1993)),
where gas is weakly ionized with large amount of hydrogen
molecules (Crosas, & Weisheit 1993). Consequently, it is of
interest to investigate the influence of the mentioned pro-
cesses in dense parts of BLR clouds and to provide the data
on the corresponding rate coefficients useful for modelling
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and investigations of such layers. The usefulness of Balmer
lines as effective temperature diagnostics is potentially lim-
ited by errors in the line formation models and uncertainties
in used atomic data about hydrogen atom and inelastic col-
lisions (Amarsi et al. 2018), so that this topic is important
and current.
Collisional processes are not very important in pho-
toionized galactic nebulae, where the density is low and
most species are in their ground state. This is not the
case in the broad line clouds where many atoms are in
excited states, due to the high density and large optical
depth (Negrete et al. 2012; Netzer 2013). For example, in
the BLR clouds, the excited states n ≫ 1 of hydrogen, he-
lium and some metals and their populations are completely
controlled by such processes (see e.g. Blandford et al. 1990;
Netzer 2013). The treatment of these processes is rather
tricky. A very large number of influences must be consid-
ered, and many unknown cross sections must be guessed as
well as uncertainties in the known ones (Barklem 2007). This
is sufficient reason for further investigation of these possibly
important collisional process in the very dense parts of the
BLR.
In recent paper of Srec´kovic´ et al. (2018a) it was demon-
strated that the ionization processes in H∗(n) + H(1s) col-
lisions and inverse recombination processes, influence on
the ionization level and atom excited-state populations in
weakly ionized regions in the hydrogen clouds in broad-line
region of active galactic nuclei (AGNs), and must have in-
© 2017 The Authors
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fluence on the optical properties. Here we want to examine
further and to point out the importance of the (n−n′)-mixing
processes in some dense moderately ionized parts in broad-
line region (BLR) of AGNs. That’s why we have extended
the investigation of these processes and calculated their rate
coefficients for a wider region of plasma parameters and for
quantum numbers n up to 20.
This short paper is the next step of our investigations
of H∗(n)+H(1s) collision processes, that influence the excited
hydrogen populations in moderately ionized layers. This col-
lisional processes can be described as resulting from reso-
nant exchange of the energy between the A + A+, (A+ is the
core of the atom A∗(n)), and the electron. In principle, there
are two channels of these processes. The first is the chemi-
ionization processes (Mihajlov et al. 2011; Mihajlov et al.
2012; Srec´kovic´ et al. 2018b), which connect the block of
atomic Rydberg states with the continuum. The second is
the (n − n′)-mixing processes i.e. the excitation and deexci-
tation processes (Mihajlov et al. 2004, 2008; Srec´kovic´ et al.
2013), that indicate transitions between the Rydberg states
with the principal quantum numbers n and n′ , n.
Mihajlov and coworkers showed that the Rydberg state
distribution in a weakly ionized hydrogen plasma could also
be strongly influenced by (n−n′)-mixing processes in H∗(n)+
H collisions. These conclusions were based on the results of
an investigation of the excitation processes
H∗(n) +H→
{
H∗(n′ = n + p) +H,
H + H∗(n′ = n + p),
, n ≥ 4, p ≥ 1, (1)
and the inverse process of de-excitation
H∗(n) +H→
{
H∗(n′ = n − p) +H,
H + H∗(n′ = n − p),
n − p ≥ 4, (2)
which were caused by the same resonant mechanism as
the processes of chemi-ionization and chemi-recombination.
These results demonstrate the necessity of an investigation
of the processes (1) and (2) in weakly ionized layers of stel-
lar plasmas (Mihajlov et al. 2005a; Mihajlov et al. 2005b).
The importance and effects of the (n − n′)-mixing processes
have also been analyzed in Barklem (2007) and Mashonkina
(2009). The reason for further investigation of these pro-
cesses is the existing uncertainties in the rate coefficients
due to hydrogen collisions in many cases as concluded in
Barklem (2007).
For the mentioned reason we shell examine here in more
detail the significance of (n − n′)-mixing processes (1) and
(2) in the moderately ionized layers of dense parts of the
BLR clouds, with plasma conditions closer to stellar atmo-
spheres than photoionized nebulae (Osterbrock 1989). For
this purpose we shall calculate the rate coefficients of these
processes for different n and p using a method developed and
presented in Mihajlov et al. (2004); Srec´kovic´ et al. (2013).
The obtained rate coefficients will be compared with the rate
coefficients of electron-atom mixing processes
e +H∗(n) → e +H∗(n′). (3)
The results of the calculations are illustrated by the
corresponding figures and Tabs. The tables cover the re-
gions 4 ≤ n ≤ 20 and 2000 K ≤ T ≤ 30000 K, much wider
than the regions relevant for moderately ionized layers of
dense parts of the BLR clouds (see e.g. Negrete et al. 2012;
Crosas, & Weisheit 1993), so that these data can be used
and for other purposes like, the atmospheres of Sun and Sun-
like stars, for the investigation of Rydberg states of hydrogen
and for the study of cosmological recombination epoch.
2 THEORETICAL REMARKS
The resonant mechanism, used in this paper for processes (1)
and (2) has been explained in a couple of previous papers
and reviewed in details in Mihajlov et al. (2012), so that
only the basic description will be given here. The resonant
mechanism is used for the H∗(n) +H collision system within
the region R ≪ rn where R is the internuclear distance and
rn ∼ n
2 is the average radius of the H∗(n) atom. Within this
region the H∗(n) + H system is described as: e + (H+ + H),
where e is the outer electron of the H∗(n) atom. In order to
describe the electronic states of the subsystem (H+ +H), the
adiabatic electronic ground state, or the first excited state
of the molecular ion H+
2
were used.
The processes (1) and (2) of (n − n′)-mixing, as well as
the processes of chemi-ionization/recombination, will be de-
scribed as a result of the resonant energy exchange between
the outer electron e and the electronic component of the
H+ + H subsystem. In fact the transition of the outer elec-
tron from the initial to the upper energetic states occurs
simultaneously with the transition of the H+ +H subsystem
from the electronic excited state to the ground state, and the
transition of the outer electron to the lower energetic state
occurs simultaneously with the transition of the H++H sub-
system from the ground electronic state to the excited state.
We assume within the considered mechanism that the men-
tioned transitions occur due to the interaction of the outer
electron with the dipole momentum of the H+ + H subsys-
tem. The described resonant mechanism has been applied as
in (Mihajlov et al. 2005a) for the principal quantum number
region n ≥ 4.
In order to characterize the processes (1) and (2), the
excitation and deexcitation rate coefficients Kn;n+p(T) and
Kn;n−p (T), where T is the local temperature of the atomic
particles, will be determined, with a method similar to that
used in Srec´kovic´ et al. (2013) or Mihajlov et al. (2008).
Namely in the mentioned articles the excitation rate coeffi-
cients Kn;n+p (T) have been calculated directly and numeri-
cally semi-classically, and the deexcitation rate coefficients
Kn;n−p (T) have then been determined with the help of the
principle of thermodynamical balance. All needed relations
may be found in Mihajlov et al. (2008).
To estimate the relative efficiency of processes (1) and
(2) in comparison to process (3) one can use the parameter
F
(±)
n (T)
F
(±)
n (T) =
∑5
p=1
Kn;n±p (T)N(n)N(1)∑5
p=1
αn;n±p (T)N(n)Ne
=
∑5
p=1
Kn;n±p (T)∑5
p=1
αn;n±p (T)
N(1)
Ne
,
(4)
where N(n) is the excited atom states population for given
n, αn;n±p (Te = T) is the rate coefficient for the electron-atom
process (3) taken from Vriens & Smeets (1980) and Johnson
(1972). With Te is denoted the electron temperature, gen-
erally not equal to the atomic temperature. The prod-
ucts Kn;n±p(T)N(n)N(1) and αn;n±p (T)N(n)Ne are the partial
atom- and electron-Rydberg atom excitation/deexcitation
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Figure 1. Plot of excitation rate coefficients for selected excited
states and temperatures. The black lines are the data analyzed in
Barklem (2007). The data from Mihajlov and coworkers based on
the same mechanism as here are plotted as normal full lines. The
numerical data from Soon (1992) are plotted as thick full lines and
the dot-dashed line (see Barklem (2007) for detailed explanation).
The analytic data from Soon are plotted as dashed lines, and the
data from Drawin (1968, 1969) are plotted as dotted lines. The
red lines are excitation rate coefficients calculated in this work
for T ≥ 7000K (blue marked region).
fluxes. We should add that ion-atom non elastic collisional
processes (Mihajlov et al. 2013; Srec´kovic´ et al. 2014), in
spite of the fact that they are also characterized by long-
range interaction, here are not of significance. This is due
to the very large difference of masses of electron and ion, so
that the impact ion-atom velocity is several orders of mag-
nitudes lower than electron-atom impact velocity.
3 RESULTS AND DISCUSSION
The rate coefficients Kn;n±p(T) for processes (1) and (2) are
calculated in the domains of n and T corresponding to con-
ditions in moderately ionized hydrogen plasmas, of inter-
est for dense parts of BLR clouds in AGNs. The results
for excitation rate coefficients Kn;n+p (T) with 4 ≤ n ≤ 20,
1 ≤ p ≤ 5 and 2000 K ≤ T ≤ 30000 K are presented in Tab.
2. These results for temperatures from 2000 to around 6000
K are relevant for the conditions in moderately ionized lay-
ers of dense parts of the BLR clouds (see Negrete et al. 2012;
Crosas, & Weisheit 1993), and enable the potential inclusion
of these processes in their modeling and investigations. The
reason that we present and data for higher temperatures is
since they may be of interest for other moderately ionized
plasmas, as well as for the investigation of Rydberg states
of hydrogen and for the study of their influence during the
cosmological recombination epoch.
We give the rate coefficients as a second degree polyno-
mial fit to numerical results over the temperature range of
2000 K ≤ T ≤ 30000 K. In Tab. 1 are presented the selected
fits (for 4 ≤ n ≤ 10 and p = 1 i.e. n’=n+1).
In Fig. 1 the comparison of excitation rate coefficients
for selected excited states is presented. The black lines are
2000 3000 4000 5000 6000 7000
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/N
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Figure 2. Below: The ratio of the densities for 2000 K ≤ T ≤
7000 K obtained using Saha equation; Above: A surface plot of
the quantity F (+)n with 4 ≤ n ≤ 8, for 2000 K ≤ T ≤ 6000 K.
Table 1. The fits log(Kn;n+p(T )) = k1+k2 log(T )+k3(log(T ))
2 to the
rate coefficient. A portion is shown here for guidance regarding
its form.
n − n′ k1 k2 k3
4-5 -15.1815 3.259150 -0.3719690
5-6 -11.8857 1.630840 -0.1863510
6-7 -10.5293 0.899118 -0.1028000
7-8 -9.94232 0.530813 -0.0607134
8-9 -9.69682 0.328757 -0.0376158
9-10 -9.61594 0.210484 -0.0240963
10-11 -9.61839 0.137414 -0.0157439
the data from the existing literature analyzed in Barklem
(2007), in the narrow parameter region (T ≤ 10000 K and
n ≤ 10). The data from Mihajlov and coworkers based on
the same mechanism as in this work are plotted as normal
full lines. The normal red lines are rate coefficients obtained
in this work. One can see the present uncertainties on the
rate coefficients due to hydrogen collisions in many cases as
concluded in Barklem (2007).
Although the determination of rate coefficients for pa-
rameters that exists in BLR clouds was our primary task in
order to be used in the corresponding models we have, also
examined the impact of these processes. We compared the
relative influence of (n−n′)-mixing processes (1) and (2) and
influence of concurrent electron-atom excitation processes
(3) on the same block of excited hydrogen atom states with
MNRAS 000, 1–?? (2017)
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4 ≤ n ≤ 10. Fig. 2 illustrates the behavior of the quan-
tity F
(+)
n for the conditions that exist in BLR of AGNs. We
use the electron density as shown in Fig. 2a. In the lower
temperature region it has been confirmed the domination of
the (n − n′)-mixing processes for n ≤ 6 over the mentioned
concurrent processes while for 7 ≤ n ≤ 10 they are compa-
rable with the concurrent excitation processes (see Fig 2b).
For the parts of BLR with higher temperatures processes (1)
and (2) are comparable with concurrent excitation processes
(3) only for lower n. For the area 2 ≤ n < 4 reliable data for
the corresponding rate coefficients are missing. The existing
and only ones rate coefficients for n = 2 and 3 are data from
Drawin (1968) which are not for use (see papers of Barklem
(2007); Mashonkina (2009)). The fact and the big problem
is that this area is of great importance and it raises many
issues such as the conclusion that their impact should be
much much higher.
The results demonstrate the fact that the considered
(n−n′)-mixing processes (1) and (2) must have a very signif-
icant influence on the populations of hydrogen excited atoms
of the AGNs in comparison to the concurrent processes in
the lower temperature region. We note that the reason for
further investigation of these processes is the present uncer-
tainties on the rate coefficients due to hydrogen collisions
especially for higher n (two order of magnitude differences
in rate coefficients) as concluded in Barklem (2007) and
we assume that their impact should be higher. It is obvi-
ous that the importance of these processes for modeling of
moderately ionized layers of dense parts of the BLR clouds
should be necessarily investigated and that they should be
included in the standard models. Apart from that, the ob-
tained results could be also useful for modeling of differ-
ent stellar atmospheres (Przybilla & Butler 2004; Barklem
2007; Mashonkina 2009; Fontenla et al. 2009), as well as for
the investigation of Rydberg states of hydrogen and for the
study of their influence during the cosmological recombina-
tion epoch (see e.g. Chluba et al. 2010) and for simulation
of the formation of massive seed black holes in the early
Universe (Glover 2015).
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Table 2: Excitation rate coefficients Kn;n+p(T) (10
−9cm3s−1). The values
for 4 ≤ n ≤ 10 and 3000 K ≤ T ≤ 7000 K are from Mihajlov et al. (2004)
and here are given for integrity.
T[K]
n p 2000 3000 5000 7000 8000 9000 10000 15000 20000 25000 30000
4
1 2.82409 4.42323 6.24561 7.18872 7.50148 7.74978 7.95119 8.56558 8.87458 9.05872 9.18031
2 0.32878 0.72276 1.32049 1.68755 1.81762 1.92380 2.01179 2.29039 2.43614 2.52470 2.58383
3 0.09004 0.24014 0.50917 0.69174 0.75905 0.81493 0.86185 1.01388 1.09539 1.14553 1.17927
4 0.03617 0.10906 0.25438 0.35948 0.39924 0.43261 0.46087 0.55383 0.60448 0.63590 0.65714
5 0.01806 0.05920 0.14738 0.21397 0.23960 0.26128 0.27975 0.34114 0.37496 0.39606 0.41037
5
1 2.68161 3.37083 4.00610 4.29430 4.38513 4.45573 4.51208 4.67927 4.76096 4.80898 4.84047
2 0.50323 0.76422 1.04763 1.18951 1.23592 1.27255 1.30213 1.39164 1.43627 1.46275 1.48020
3 0.17648 0.30197 0.45344 0.53427 0.56137 0.58299 0.60057 0.65453 0.68182 0.69812 0.70890
4 0.08211 0.15238 0.24354 0.29437 0.31171 0.32563 0.33702 0.37231 0.39034 0.40116 0.40834
5 0.04510 0.08870 0.14824 0.18250 0.19433 0.20388 0.21172 0.23618 0.24877 0.25636 0.26141
6
1 1.97872 2.24840 2.47312 2.56897 2.59849 2.62123 2.63924 2.69208 2.71760 2.73253 2.74230
2 0.47651 0.60719 0.72780 0.78249 0.79972 0.81311 0.82380 0.85548 0.87096 0.88005 0.88601
3 0.19300 0.26584 0.33798 0.37211 0.38304 0.39159 0.39844 0.41894 0.42904 0.43500 0.43891
4 0.09850 0.14346 0.19031 0.21317 0.22057 0.22639 0.23107 0.24517 0.25215 0.25629 0.25901
5 0.05765 0.08753 0.11985 0.13598 0.14125 0.14541 0.14876 0.15891 0.16396 0.16696 0.16894
7
1 1.36415 1.47213 1.55736 1.59254 1.60324 1.61145 1.61792 1.63682 1.64590 1.65120 1.65467
2 0.38004 0.44152 0.49348 0.51583 0.52273 0.52805 0.53227 0.54466 0.55066 0.55417 0.55646
3 0.16853 0.20645 0.24012 0.25503 0.25969 0.26330 0.26617 0.27464 0.27875 0.28117 0.28275
4 0.09148 0.11660 0.13973 0.15020 0.15350 0.15606 0.15811 0.16417 0.16712 0.16886 0.17000
5 0.05597 0.07354 0.09018 0.09785 0.10028 0.10217 0.10368 0.10818 0.11038 0.11168 0.11253
8
1 0.93319 0.97869 1.01344 1.02749 1.03173 1.03498 1.03753 1.04496 1.04853 1.05061 1.05197
2 0.28523 0.31439 0.33779 0.34754 0.35052 0.35281 0.35461 0.35989 0.36243 0.36392 0.36489
3 0.13440 0.15378 0.16990 0.17677 0.17888 0.18051 0.18180 0.18557 0.18740 0.18847 0.18916
4 0.07617 0.08971 0.10128 0.10629 0.10785 0.10904 0.10999 0.11279 0.11414 0.11493 0.11545
5 0.04813 0.05799 0.06660 0.07038 0.07155 0.07246 0.07318 0.07531 0.07634 0.07695 0.07734
9
1 0.64668 0.66687 0.68193 0.68793 0.68974 0.69111 0.69219 0.69533 0.69683 0.69770 0.69827
2 0.21053 0.22478 0.23584 0.24037 0.24174 0.24279 0.24362 0.24603 0.24719 0.24786 0.24830
3 0.10354 0.11358 0.12160 0.12493 0.12595 0.12673 0.12735 0.12915 0.13001 0.13052 0.13085
4 0.06055 0.06788 0.07385 0.07636 0.07713 0.07772 0.07819 0.07956 0.08022 0.08060 0.08086
5 0.03919 0.04470 0.04927 0.05121 0.05181 0.05227 0.05263 0.05370 0.05422 0.05452 0.05471
10
1 0.45697 0.46632 0.47317 0.47586 0.47667 0.47728 0.47776 0.47915 0.47981 0.48019 0.48045
2 0.15566 0.16288 0.16835 0.17056 0.17123 0.17173 0.17213 0.17330 0.17386 0.17418 0.17439
3 0.07900 0.08435 0.08850 0.09019 0.09071 0.09110 0.09141 0.09231 0.09275 0.09300 0.09316
4 0.04731 0.05135 0.05454 0.05585 0.05625 0.05656 0.05680 0.05751 0.05785 0.05805 0.05818
5 0.03120 0.03432 0.03682 0.03786 0.03818 0.03842 0.03861 0.03917 0.03944 0.03960 0.03971
11
1 0.32969 0.33417 0.33739 0.33863 0.33900 0.33928 0.33950 0.34013 0.34043 0.34061 0.34072
2 0.11619 0.11997 0.12279 0.12391 0.12425 0.12450 0.12470 0.12529 0.12557 0.12574 0.12584
3 0.06041 0.06333 0.06556 0.06645 0.06673 0.06693 0.06710 0.06757 0.06780 0.06793 0.06802
4 0.03685 0.03913 0.04089 0.04160 0.04182 0.04199 0.04212 0.04250 0.04268 0.04279 0.04286
5 0.02466 0.02647 0.02788 0.02845 0.02863 0.02876 0.02887 0.02918 0.02932 0.02941 0.02947
12
1 0.24269 0.24487 0.24640 0.24698 0.24715 0.24728 0.24738 0.24767 0.24781 0.24788 0.24794
2 0.08782 0.08986 0.09135 0.09194 0.09212 0.09225 0.09236 0.09266 0.09281 0.09290 0.09295
3 0.04653 0.04818 0.04941 0.04990 0.05005 0.05016 0.05025 0.05050 0.05063 0.05070 0.05075
4 0.02881 0.03013 0.03113 0.03153 0.03165 0.03174 0.03182 0.03203 0.03213 0.03219 0.03223
5 0.01951 0.02058 0.02139 0.02173 0.02183 0.02190 0.02196 0.02214 0.02222 0.02227 0.02230
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Table 2: Excitation rate coefficients Kn;n+p(T) (10
−9cm3s−1). The values
for 4 ≤ n ≤ 10 and 3000 K ≤ T ≤ 7000 K are from Mihajlov et al. (2004)
and here are given for integrity.
T[K]
n p 2000 3000 5000 7000 8000 9000 10000 15000 20000 25000 30000
13
1 0.18199 0.18305 0.18378 0.18404 0.18412 0.18418 0.18422 0.18435 0.18441 0.18444 0.18446
2 0.06727 0.06840 0.06921 0.06952 0.06962 0.06969 0.06975 0.06991 0.06999 0.07003 0.07006
3 0.03619 0.03714 0.03784 0.03812 0.03820 0.03826 0.03831 0.03845 0.03852 0.03856 0.03859
4 0.02268 0.02346 0.02404 0.02427 0.02434 0.02440 0.02444 0.02456 0.02462 0.02465 0.02468
5 0.01551 0.01616 0.01664 0.01684 0.01690 0.01694 0.01698 0.01708 0.01713 0.01716 0.01718
14
1 0.13880 0.13931 0.13964 0.13975 0.13978 0.13981 0.13982 0.13987 0.13990 0.13991 0.13992
2 0.05221 0.05284 0.05329 0.05346 0.05352 0.05355 0.05358 0.05367 0.05371 0.05374 0.05375
3 0.02845 0.02900 0.02941 0.02957 0.02962 0.02965 0.02968 0.02976 0.02980 0.02982 0.02984
4 0.01801 0.01848 0.01883 0.01896 0.01900 0.01904 0.01906 0.01913 0.01917 0.01919 0.01920
5 0.01242 0.01282 0.01311 0.01323 0.01326 0.01329 0.01331 0.01337 0.01340 0.01342 0.01343
15
1 0.10750 0.10773 0.10785 0.10789 0.10790 0.10791 0.10791 0.10793 0.10793 0.10793 0.10794
2 0.04104 0.04139 0.04164 0.04174 0.04176 0.04179 0.04180 0.04185 0.04187 0.04188 0.04189
3 0.02260 0.02293 0.02317 0.02326 0.02329 0.02331 0.02333 0.02337 0.02340 0.02341 0.02342
4 0.01443 0.01472 0.01493 0.01501 0.01503 0.01505 0.01507 0.01511 0.01513 0.01514 0.01515
5 0.01002 0.01027 0.01045 0.01052 0.01055 0.01056 0.01058 0.01061 0.01063 0.01064 0.01065
16
1 0.08442 0.08450 0.08453 0.08453 0.08453 0.08453 0.08453 0.08453 0.08452 0.08452 0.08452
2 0.03263 0.03284 0.03297 0.03302 0.03304 0.03305 0.03306 0.03308 0.03309 0.03310 0.03310
3 0.01814 0.01834 0.01848 0.01853 0.01855 0.01856 0.01857 0.01860 0.01861 0.01862 0.01862
4 0.01166 0.01184 0.01197 0.01202 0.01204 0.01205 0.01206 0.01208 0.01210 0.01210 0.01211
5 0.00815 0.00831 0.00842 0.00847 0.00848 0.00849 0.00850 0.00852 0.00853 0.00854 0.00854
17
1 0.06714 0.06714 0.06712 0.06711 0.06710 0.06710 0.06710 0.06708 0.06708 0.06707 0.06707
2 0.02624 0.02635 0.02642 0.02645 0.02646 0.02646 0.02647 0.02648 0.02648 0.02649 0.02649
3 0.01470 0.01482 0.01490 0.01493 0.01494 0.01495 0.01495 0.01497 0.01498 0.01498 0.01498
4 0.00951 0.00962 0.00970 0.00973 0.00974 0.00975 0.00976 0.00977 0.00978 0.00978 0.00979
5 0.00668 0.00678 0.00686 0.00689 0.00689 0.00690 0.00691 0.00692 0.00693 0.00693 0.00693
18
1 0.05400 0.05397 0.05393 0.05391 0.05390 0.05390 0.05389 0.05388 0.05387 0.05387 0.05386
2 0.02131 0.02137 0.02140 0.02142 0.02142 0.02142 0.02142 0.02143 0.02143 0.02143 0.02143
3 0.01202 0.01209 0.01214 0.01216 0.01216 0.01217 0.01217 0.01218 0.01218 0.01219 0.01219
4 0.00782 0.00789 0.00794 0.00796 0.00797 0.00797 0.00797 0.00798 0.00799 0.00799 0.00799
5 0.00552 0.00559 0.00563 0.00565 0.00566 0.00566 0.00566 0.00567 0.00568 0.00568 0.00568
19
1 0.04389 0.04384 0.04380 0.04377 0.04377 0.04376 0.04375 0.04374 0.04373 0.04373 0.04372
2 0.01746 0.01749 0.01751 0.01751 0.01751 0.01752 0.01752 0.01752 0.01752 0.01752 0.01752
3 0.00991 0.00995 0.00998 0.00999 0.01000 0.01000 0.01000 0.01000 0.01001 0.01001 0.01001
4 0.00648 0.00653 0.00656 0.00657 0.00657 0.00658 0.00658 0.00658 0.00659 0.00659 0.00659
5 0.00460 0.00464 0.00467 0.00468 0.00468 0.00469 0.00469 0.00469 0.00470 0.00470 0.00470
20
1 0.03600 0.03595 0.03591 0.03589 0.03588 0.03587 0.03587 0.03585 0.03585 0.03584 0.03584
2 0.01444 0.01445 0.01445 0.01445 0.01445 0.01445 0.01445 0.01445 0.01445 0.01445 0.01445
3 0.00824 0.00826 0.00828 0.00828 0.00829 0.00829 0.00829 0.00829 0.00829 0.00829 0.00829
4 0.00541 0.00544 0.00546 0.00547 0.00547 0.00547 0.00547 0.00547 0.00548 0.00548 0.00548
5 0.00385 0.00388 0.00390 0.00391 0.00391 0.00391 0.00391 0.00391 0.00392 0.00392 0.00392
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